Study Design: Retrospective study. Level of evidence III. Objective: Postoperative complications in spine surgery are associated with increased morbidity, hospital length of stay, and health care costs. Registry of complications in orthopedics and the spine surgery is heterogeneous.
Introduction
Surgical complications are defined as any event that represents a deviation in the expected postoperative course. 1 Such eventualities following spine surgery constitute a major concern associated with increased morbidity, mortality, hospital length of stay (LOS), and health costs. The prevalence of complications in spinal surgery is estimated between 13% and 40%. 2 It is known that complications after orthopedic surgery are usually underreported, and spinal surgeries are not exempted. Besides, there is a lack of a uniform classification system to categorize complications, making it difficult to assess the real magnitude of this issue, which clearly needs measures to reduce them. 3, 4 Multiple classification systems have been developed for postoperative complications, many of which are often difficult to interpret and reproduce. 5 Dindo and Clavien, developed a system originally applied to general surgery that has shown high reproducibility; this classification is graded from 1 to 5 according to increasing severity and the type of intervention required to treat the complication [6] [7] [8] 1 Hospital Italiano de Buenos Aires, Buenos Aires, Argentina (see Table 1 ). Later, this classification system was applied to other specialties such as urology, nephrology, gastroenterology, [9] [10] [11] [12] [13] [14] and even in orthopedic surgery 15 and spinal surgery 16 with different adaptations.
The aim of this study was to assess the 90-day postoperative complication rate following spinal surgeries by applying the Dindo-Clavien classification system as well as to analyze the unplanned readmission rate and total hospitalization LOS in patients with and without complications.
Material and Methods
The study protocol was approved by the institution's ethics review board (Approval Number IRB00010197) and in concordance with the Declaration of Helsinki.
Spine surgeries performed at our institution between July 2016 and June 2017 were retrospectively analyzed. The presence of postoperative complications was evaluated at 90 days of surgery. Complications were registered through the electronic medical record applying the Dindo-Clavien (DC) classification based on 5 grades according to the severity and type of intervention required to treat the complication (see Table 1 ). In patients with more than 1 complication, the complication of greater degree was considered, and in cases of 2 complications that belonged to the same degree, both were considered. In addition, complications graded I, II, and IIIA of DC were considered as minor, while IIIB, IV, and V were considered as major.
Postoperative pain was categorized as a complication when it reached a specific threshold. It was considered normal within the first 72 hours postoperatively; however, it was considered a grade I complication if intravenous management beyond 72 hours was required and patients in whom intravenous treatment was restarted after a period of postoperative oral treatment, Pain was graded as DC IIIA if periradicular block injection guided by fluoroscopy or tomography was required and grade IIIB if reoperation was needed. Symptomatic anemia requiring blood transfusion or iron was considered grade II, transfusion protocol during the postoperative hospital stay was performed when Hemoglobin was 7 g/dL or less or hematocrit was of 20% or lower. 17 Variables such as patient age, sex, body mass index (BMI), type of pathology (deformity, degenerative, infection, tumor, trauma) were analyzed. We classified surgical procedures by complexity as follows: type A, low-complexity surgeries (eg, microdiscectomy, vertebroplasty, discoplasty, 1 or 2 level simple decompression); type B, intermediate-complexity surgeries (eg, decompression and fusion, percutaneous stabilization, laminoplasty, laminectomy and fusion, anterior/ oblique/extreme lateral lumbar interbody fusion and type C, high-complexity surgeries (eg, surgery by double/triple approach, en bloc resection). The duration of surgery, unplanned readmission at 90 days, hospital LOS in patients with and without complications and days between surgery and complication were also recorded. Revision surgeries referred to our institution from another center were also excluded. Revision surgery in the same anatomical region operated at our center were included.
Statistical Analysis
Categorical variables were described as their absolute and relative frequency with percentages. The quantitative variables were described as mean and standard deviation (SD) or median and interquartile range (IQR) according to the observed distribution. Comparisons among the categorical variables (unplanned readmission, sex, type of pathology, surgical complexity) were made between the different groups (with and without complication), based on degree of complication with a global chi-square or Fisher test according to the assumptions. The quantitative variables (age, hospital stay, BMI, surgical time, etc) were compared between the groups of complication yes/no or degrees of complication with a t test or Mann-Whitney test according to the distribution of the observed variable.
The risk of presenting complications and unplanned readmission within the first 90 days was estimated with a logistic regression model; odds ratios were reported with their 95% confidence intervals.
It was considered a significant association if P < .05. The statistical analysis was performed with the software STATA 13.1.
Results

General Characteristics of the Studied Population
Between July 2016 and June 2017, 299 surgeries were performed; 15 patients were surgically treated at another center in the same anatomical region and were excluded, 10 patients were missed at 90-day follow-up and were also excluded. 
Type of Pathology
Of the 274 surgeries, 200 (73%) were due to degenerative pathology, 41 (14.6%) due to scoliosis (deformity), 14 cases due to tumoral pathology (5%), 10 cases due to infection (3.6%), and 9 cases due to acute trauma (3.2%). Main procedures were as follows: 69 vertebroplasties/discoplasties, 44 cases of lumbar microdiscectomy, 39 cases of lumbar decompression without arthrodesis, 30 lumbar decompression and arthrodesis, 27 cases of anterior, oblique, and lateral interbody fusion, 16 anterior cervical decompression and fusion, 16 thoracolumbar double approaches, 10 cases of laminoplasty and 23 other procedures (percutaneous stabilization, instrumental removal).
Primary Surgery and Revision Surgery
A total of 53 patients (19.34%) had a previous surgery at the same level at our institution. Though not significant (P ¼ .209), there was a higher incidence of complications in patients with revision surgery 19/53 (35.85%) compared with patients with primary surgery 60/221 (27.15%).
Spinal Surgeries According to Complexity
Of the 275 procedures, 158 (57.6%) were classified as low complexity, 100 (36.5%) of intermediate complexity, and 16 (5.8%) of high complexity.
Absolute and Relative Frequency of Complications
In patients who presented with at least 1 postoperative complication (n ¼ 78), the observed complications are listed in Table 2 .
Complications According to the DC Classification Table 3 shows the complications according to DC. Of 79 complications, 49 (62%) were classified as minor (DC grades I, II, and IIIA) and 30 as major (DC grades IIIB, IV, and V). Baseline characteristics of the groups with and without complications are shown in Table 4 . No differences were observed in terms of age, sex, and BMI between complicated and noncomplicated surgeries. Significant differences were observed in duration of surgery (higher in patients with complications, P ¼ .029), there were also significant differences in hospital LOS in patients with complications compared with patients without complications (P ¼ .001). When analyzing complications by severity, there were significant differences in the patients of the DC grade IIIB group in terms of LOS and duration of surgery (see Table 5 ). Based on surgical complexity complications (n ¼ 79), they were categorized as follows: 33 were low-complexity (41%), 36 intermediate-complexity (45.5%), and 9 high-complexity surgery (9.3%). Patients without complications (n ¼ 145): 125 low-complexity (63.5%), 64 intermediate-complexity (32.8%), and 7 high-complexity surgeries (3.6%). A higher percentage of intermediate-and high-complexity surgeries was observed in patients with complications compared to patients without complications (P ¼ .002).
Length of Stay According to Pathology in Patients Without and With Complications
The median LOS was 2 days (IQR 1-5 days). The median LOS in patients without complications was 1 (range 25%-75%, 1-3) while in patients with at least 1 complication it was 7 (IQR 4-14) (P < .001). Complications occurred at a median of 9 postoperative days (IQR 2-22 days).
The median hospital LOS due to complications according to DC were as follows: DC grade I, 6 (IQR 2-8); DC grade II, 6 (IQR 5-10); and DC grade III (A and B), 27.1 (IQR 23.9-32.6). Figure 1 shows the median days of hospitalization in patients with and without complications based on the degree of surgical complexity. Among the complications, patients with severe excessive radicular pain (n ¼ 16) mean days of hospitalization were 4.3 (SD 3.6 days), cases with deep wound infection (n ¼ 12) had a mean hospital stay of 22.1 days (SD 12 days) and patients with anemia (n ¼ 7) had a mean of 8.4 days (SD 4.4 days) (see Figure 2 ).
Ninety-Day Unplanned Readmission Rate
A total of 32 patients (11.72%; 95% CI 7.88% to 15.56%) were readmitted due to a complication. The median time between surgery and readmission was 16 days (IQR, 7-29 days). Figure 3 shows the median time between surgery and each type of complication. Table 6 presents the odds ratios of the studied variables to develop a complication. Surgical complexity showed a significant trend toward undergoing a complication, increasing 2.11 times the risk of developing a complication in medium-complexity surgeries (type B) compared with low-complexity (type A) and 4.22 times the risk of having a high-complexity surgery (type C) when compared with low-complexity (type A) ones. This risk was significant in both the crude and the adjusted analyses.
Risk Factors Associated With the Development of Complications
Discussion
The aim of this study was to apply the DC classification to a series of consecutively treated patients in a third-level care center, as well as to know the prevalence of the main complications and how they influence the hospital LOS. In this study, a 90-day postoperative complication rate of 28.7% was observed based on DC classification, with excessive postoperative pain, postoperative infection, and anemia being the most frequent complications. Two-thirds of the complications were minor (grades I, II, and IIIA). The report of complications in spinal surgery is heterogeneous and lacks a universally accepted classification system, added to the fact that complications are sometimes difficult to code, resulting in underreporting and in an incorrect analysis to assess the quality of medical assistance provided by a specific institution. 4 In our study, the rate of postoperative complications was 28%, which is in line with what Bellut et al 16 observed. The authors applied the classification of DC to spinal surgery reporting a complication rate of 31% (44/138 surgeries), the majority of them being grades I and II, similar to our findings.
After studying 448 patients with adult spinal deformity, Soroceanu et al 18 observed a complication rate of 26%. Similarly, Glassman et al 19 reported a complication rate of 24.9% in patients with adult scoliosis (108 of 434 patients). Schwab et al 20 found an 8.4% rate of major complications in 953 patients (80 cases). These authors report similar complication rates; however, they have specifically analyzed adult scoliosis. In our study, all types of spinal surgeries were included.
The average LOS in noncomplicated patients was 2.3, whereas for those who suffered any complication it was 10.6, DC grade IIIB and high-complexity surgery were associated with the most extended LOS in our study. Multiple factors are reported to increase LOS, such as age, anemia, or diabetes and the development of postoperative complications. 21 However, to our knowledge, there are no studies that analyzed the impact of different complications in extended LOS.
Surgical complexity is a factor that may influence surgical results and complications due to surgical time and blood loss. We found it to be a critical factor that showed the greatest association with complication rates. In this scenario, complexity doubled the complications between a low-complexity and intermediate-complexity surgery and quadrupled the risk of complications between a low-and high-complexity procedure.
Surgical time has also been associated with a higher rate of complications such as postoperative infections and cardiorespiratory eventualities. [22] [23] [24] Phan et al, 25 in a study of 5338 patients with spinal deformity in adults, found that the duration of surgery was directly associated with complications of the surgical wound, hospital stay, respiratory complications, the need for transfusion, and a higher rate of unplanned readmission. In our study, surgical time was associated with an increase in the rate of complications. However, this issue is probably related to surgical complexity.
We found an unplanned readmission rate of 11%, which is higher than what has been published in other series. Saleh et al 26 observed a complication rate of 16% and 6% of unplanned readmission rate. In addition, a systematic review showed hospital readmission rates at 30 days between 4% and 7% in spinal surgery. 27 Considering age as a risk factor, some authors reported an increase morbidity rate in elderly patients [28] [29] [30] ; however, other studies 31, 32 report lower rates of complications, it is probably due to the advent of minimally invasive techniques with lower blood loss and days of hospitalization, combined with adequate patient selection. Kobayashi et al 33 studied morbidity in 262 patients older than 80 years who underwent spinal surgery and found a higher rate of perioperative complications, especially in patients older than 85 years. In our study, age was related to an increased risk of complications; however, the differences were not significant. The use of DC classification has been applied to orthopedic surgery; however, few studies have mentioned it in the literature. Sink et al 15 adapted the system to hip surgery; however, the modifications were made exclusively to be applied in conservative hip surgery, making it difficult to apply to other orthopedic specialties.
Our study maintained the principles of classification in order to use it in the most frequent postoperative scenarios. Similar analysis was performed by Bellut et al 16 in spinal surgeries, with similar results regarding complication prevalence, we focused on hospital LOS to know how a complication affect the hospital LOS.
This study has its limitations: First, the registry of complications was retrospective, through the electronic medical record, so there could be patients with some complication that has not been registered in the hospital either due to lack of report from the treating professional or unplanned readmission or even treatment performed in another center. However, the vast majority of patients are followed and monitored in our institution. Finally, we included all surgical procedures making interprocedure comparison more difficult; however, it allowed us to estimate the overall complication rate in our service. It is important to mention that the DC classification was designed to be applied in general surgery, there are few reports regarding its use in orthopedic and spinal surgery, so more studies are required to assess its real usefulness in this specialty.
Conclusion
The 90-day complication rate was 28%, two-thirds of them were minor complications, the mean hospital LOS in patients without complications was 2.3 days and in patients with any complication it was 10.7 days. The unplanned readmission rate was 11%. The most frequent complications were excessive postoperative pain, postoperative wound infection, and anemia and the most important risk factor associated with the development of a complication in our study was the surgical complexity and duration of surgery. The registry of postoperative complications is an important tool for the health quality assessment, allowing to identify the most prevalent complications that help to establish measures to reduce the them, the use of the DC classification was useful to assess the complications; however, it probably requires adaptations related to the wide variability of orthopedic and spinal surgery procedures.
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